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<57> L'invention porte sur des compositions 
pharmaceutiqucs trt immunogenes ainsi que sur des 
methodes ihcrapcuiiqucs, faisant appel a un peptide 
CLIP et utiles poui la regulation des reactions immunes 
chcz Ics maminiferes. 



(57; The invention relates to pharmaceutical and 
unmunogeni'- compositions and therapeutic methods 
employing: a CLIP peptide and useful for regulation of 
immune responses in nummais. 
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ABSTRACT 



The invention relates to pharmaceutical and inmunogenic 
5 ccnposir.:on5 and therapeutic methods employing a CLIP peptide 
and useful for regulation of im.une responses in rr^iroals. 
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CLIP PftgJN0M0OOIAaX)RY PEPTIDE 

Field of the Invention 

This invention relates to a peptide, CLIP, which is 
demonstrated to be an immunodulatory peptide and can be 
used as a composition for the treatment of immune disease. 
In particular, the CLIP peptide down regulates the activity 
of T-cells and also influences expression and function of 
class II MHC molecules. 

Background of the Invention 

The class II major histocompatibility complex (MHC) 
expressed by B-cells, macrophages, dendritic cells, and 
thymic epithelial cells is a heterodimeric molecule with 
two closely related chains. These two chains, the a and p, 
are involved in binding peptides by virtue of highly 
polymorphic residues found at the N-terminal domains (1). 
The class II MHC functions by binding self-peptides in the 
r.ajor groove and guiding the selection of CD4+ cells in 
order to initiate immune responses. 

After synthesis, the class II MHC molecule associates 
with the invariant chain (li) which serves to prevent 
premature binding (2) . The li undergoes degradation which 
leaves only the peptide portion (aa residues 85-101), also 
called CLIP, in contact with the a/b complex (3,4). The 
CLIP fragment has also been demonstrated to prevent peptide 
binding (5,6) and is, therefore, assumed to be tightly 
bound to the binding groove of the MHC. It is necessary to 
remove CLIP from the binding groove in order for peptide 
antigens to bind to the MHC. The removal of CLIP from the 
binding groove is a task facilitated by HLA-DM. 

HLA-DM plays a vital role in the removal of CLIP and 
allowing antigens to bind to the core binding groove of the 
class II MHC, In the absence of HLA-DM, CLIP preven::s the 
binding of antigens in the binding groove and their 
subsequent presentation on the cell surface ;7) . We now 
show that increasing the amount of CLIP saturates the 
endosome and inhibits the ability of antigen to bind. We 
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also new report that altering the expression of CLIP inside 
the cell will clearly affect the ability of peptides 
oind the MHC. We have now more clearly defined the 
function of CLIP as a regulator of the density of peo-des 
5 oeing presented at the surface of the APC (antigen 

presenting cells). We also demonstrate that CLJo levels 
modulate the activity of CD4. T-cells and the subsets ^f T- 
cells generated. We therefore propose that CLIP can be 
used as an immunomodulatory protein in general and more 
10 specifically it can be used to treat immune disorders 

involving increased T-cell activation and inappropriate 
sensitization of the immunological defences of the body 
resulting in self-destruction and typically known as 
autoinunune disorders. The peptide can also be used fo^ 
15 tra.nsplantation and for combatting infection. 

Sumjnarv of t he Invention 

The present inventors have now characterized the 
function of t.he CLIP peptide and it., effects on 
20 immunological function. The identification of the role of 
the CLIP peptide permits the development of therapeutic 
strategies in order to combat autoimmune disorders as wel ' 
as for use in tissue transplantation and for treating 
infection. ^ 
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The present invention relates to an isolated CUP 
peptide Which can be used a.nd administered as a theraoeu^-- 
composition for the treatment of disorders involving "tne^'^ 
i.Tjnune system. 

In accordance with one embodiment the pre-^ent 
invention is a therapeutic composition containing the CLIP 
Pept.oe, or an active analogue or fragment thereof in a 
composition suitable for oral or parenteral delivery fo^ 
treatment of i„..ne disorders. The composition ma^ be ' 
delivered in a suitable vehicle, microencapsulated or 
provided in a liposome and targeted to a specific site w- th 
or without a carrier. The composition may also be 
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a<±ninistered m order to mininize or prevent tissue qraft 
rejection after transplantation as well as tor treating 
those infections where the immune response is 
cvercompensat ing and thus creating more tissue dar.aqe. 

Other features and advantages of the present .nventicn 
will become apparent from the following detailed 
descripticn. It should be understood, however, rhcit the 
detailed descripticn and the specific exair.ples while 
indicating preferred embodiments of the invention are given 
by way of illustration only, since various changes and 
modifications with.n the spirit and scope of the invention 
will become apparent tc those skilled in the art frcn this 
detailed description. 

Bri ef Descripticn of the Drawings 

The invention will now be described m relation to rr.p. 
drawings in which: 

Figure 1 shows the amino acid sequence of the Cll? 
peptide from humans (SEQ ID N0:2) and mice (SEO ID :<0:l). 

Figure 2 shows the effect of r^.ouse CLIP peptide on the 
expression of cell surface class II MHC in TA3 cells. A; 
Staining of TA3 cells with rrAb >Q<-D6 :anti-I-Ad) or lC-2.16 
tant:-I-Alc) after 24 h of incubation with various 
ccncentrations of CLIP. A dose-dependent decrease in 
surface class II 1-IHC is apparent in both instances. B) 
Staining as described above for I-Ad after incubating 1.^3 
cells with HEL or OVA for 24 h. Ko effect on l-Ad surfp.ce 
expression is seen with HEL, which is predominant iy 1-Ak 
resrr: cred, while OVA significantly up-rcgulated 1 -Ad 
expression. In each case, background staining was 
deterr^.inec using only secondary Ab (FITC-coat anti-mouse 
IgG) . 

Figure 3 shows the effect of Z"? peptide incubation 
with ?A3 cells on the intracellular formation cf stable, 
SDS-resisLant, ccmpact MHC class II a/b chain heterodimern . 
Cells were incubated for 24 h in the presence cf various: 
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concentrations of CLIP. Cell iysates were prepared and 
loaded onto a 10% SDS -PAGE gel with or without heating 
{95oC, 5 min) and analyzed by Western blotting using the 1- 
Ad binding mAb, MK-D6. The gels were analyzed by 
densitometry, and the data are presented as the percent 
decrease in the compact state of 1-Ad (non-boiled saniples) 
with respect to total intracellular 1-Ad, shown as a 
function of the dose of CLIP. Note that at higher CLIP 
concentrations (200 fig/nl), saturation of the system is 
reached. 

Figure 4 shows the binding of immunogenic peptides and 
CLIP to surface class II MHC molecules. A) CLIP-incubated 
cells (left) fluoresce weakly, whereas OVA-incubated cells 
(right) fluoresce strongly over time indicating binding. 
B) Time course of the binding of FITC-CLIP and FITC-OVA 
from A), demonstrating a leveling off or plateauing cf 
peptide surface presentation over time in the CLIP group, 
but not in the OVA peptide group. TA3 cells were Incubated 
in the presence of FITC-OVA- (:^^3-339) or FITC-CLIP at 100 
jig/mi. After various times, ceils were washed and analyzed 
by cells surface FACS, FITC-peptides were made as 
described in the 'examples such that only one FITC group was 
attached at the N-terminal of the peptide molecule. 

Figure 5 shows the effect of immunization with CLIP 
peptide (85-101) on the T cell response. A) Proliferation 
of BALB/c-derived lymph node cells from mice immunized as 
described and challenged according to the abscissa. B) 
Proliferation of C3H-derived lyrr.ph node cells as described 
above without the K1A2 group. Z) Proliferation of BALB/c- 
derived lymph node cells after enriching for APCs and 
mixing with nylon wool purified T cells as described. D) 
Dose-response curves of the down-regulation of PPD-specific 
T cell responses by CLIP. Shown is the proliferation of 
BALB/c-derived cells from mice immunized as described and 
challenged by using different concentrations of PPD 
(micrograms per millileter) according to the abscissa. E) 
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Down-regulation of OVA-specific T cell responses by CLIP. 
For the above experiments, mice were immunized with Ag in 
CFA or TFA using 100 ng/footpad of CLIP and 50 ^g/fcotpad 
of other Ags. On day 10, T cell proliferation was measured 
to determine the recall response to specific Ags. Assays 
were performed in the presence of priming Ag in culture 
medium using 100 ^g/ml of CLIP, 50 ^g/ml of other Ags, and 
40 |ig/ml of PPD unless otherwise indicated. 

Figure 6 shows the effect of immunization with CLIP 
peptide (85-101) on MHC class II on lymph node APCs . A) 
Staining with RA3.3A1 demonstrates that imrr.unized CLIP has 
no significant effect on B220 (CD45) surface expression, 
whereas in B) staining with MK-D6 shows substantial down- 
regulation of surface 1-Ad. In A) and B) , BAL3/c mice were 
immunized in the hind footpads with CFA and CLIP (100 
Hg/footpad) using CFA and saline as a control. On day 10, 
lymph node cells were harvested, stained, and analyzed by 
FACS as described in the examples. 

Figure 7 shows the effect of immunization with CLIP on 
the proliferative response to peptide antigens. 

Figure 8 shows the effect of immunization with Cir? or 
the generation of THl and TH2 cells. A) IL-4 is assayed as 
a result of CLIP immunization, 3) ZFN-y is assayed as a 
result of CLIP immunization. 

Figure 9 shows the effect of CLIP on the antibcdy 
response to K3, K4 and K1A2. BALB/c mice were immunized 
with 50 pg of CLIP along with either K3, K4 or K1A2 m IFA 
and compared to 3ALB/c mice immunized without CLIP. After 
two weeks a similar injection was given i.p. in IFA serum 
was collected and levels of IgGl and IgG2a antibodies were 
determined as described in the examples. 

Figure 10 shows the effect of CLIP on the 
proliferative response of whole ovalbumin. Mice were 
immunized with either cvalalbumin or ovola Ib-amin-CLI P with 
ovaialbumin-KlA2 as the control. Lymph ncdes were 
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harvested after 10 days, cells were cultured with 50 jig/ml 
of peptide and proliferation was assayed as described in 
the examples. 

Figure 11 shows the effect of CLIP on the generation 
of TH1/TH2 cells in response to ovalalbumin. T-cells were 
incubated with ovalalbumin and the supernatants assayed for 
IL-4 and IFN-y. 

Detailed Descrip tion of the Preferred Embodiments 

The present invention relates to the use of a CI.IP 
peptide as an immunomodulatory protein which can be 
isolated and uied to treat immune disorders involving 
increased T-cell activation, such as autoimmune disorders 
as well as for tissue transplantation and for combatting 
infection. 

"CLIP peptide" means the portion of the MHC class II 
invariant chain protein which occupies the MHC 11 groove 
and includes human invariant chain amino acids 81 to 1C4 
and homologous stretches of the amino acid sequence of the 
MHC class II invariant chain protein of other species. 

The CLIP peptide can be administered to decrease 
antigen presentation to the class II MHC. Further.-nore, 
CLIP also is shown to increase the production of lL-4 and 
decrease the production of IFN-y. The CLIP peptide is also 
useful for shifting the immune T cell response fror, a THl 
inflammatory response to a TH2 protective response which 
further supports its use as a therapeutic agent for the 
treatr.ent of .inunune disorders. 

Also included within the scope of the invention is t.he 
use of active fragments or analogues of a CLIP protein and 
of polypeptides which include the amino acid sequence of a 
CLIP peptide or fragments thereof. 

By "activity" is meant any function regulated or 
mcJulat-d by CLIP peptide. 

In preferred embodiments, the activity is down- 
reqaUtion of the surface expression of MHC class II 
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molecules on the surface of antigen presenting cells and/or 

the resulting reduction or prevention of a T cell response 

to an antigen. 

An ''active fragment" or '"active analogue" of MHC class 

Il-associated in variant chain protein or of CLIP peptide 

is a fragment or analogue which retains a function 

regulated or modulated by CLIP peptide. 

Active analogues of human CLIP peptide include CLIP 

peptides from other species. For example, murine CLIP 

(Figure 1) is active in human ceil systems. 

One of ordinary skill in the art can readily screen 

fragments or analogues of CLIP for activity by the assays 
described herein. Such assays may include adding fragments 
or derived analogues of CLIP to an appropriate cell culture 
such as BALB/c cells which express surface I-A*^ and I-a'*. 
Cells can then be appropriately stained to quantitate 
surface expression of I-A** and I-A^ by FACS analysis in 
order to determine any down-regulation of I-A'' or I-A*". The 
ability of CLIP fragments and/or analogues to affect 
cytokine production such as IL-2 or IFN-y can also be 
assayed using lymph node cells cultured from mice immunized 
with the desired fragments and/or analogues. Supernatants 
from such cultures are then collected and assayed for 
different cytokine concentrations. 

It is also possible to assay for the ability of the 
CLIP fragments and analogues to bind to cell surface class 
II MHC using FACS analysis. Finally, T-cell responses in 
lymph node cells from immunized BALB/c mice can be assayed 
as a result of using a CLIP fragment or analogue for 
immunization . 

All of the assay systems are described herein in the 
examples and provide a means for identifying those 
fragments and analogues of CLIP which can be used as a 
pharmaceutical therapeutic and immunogenic composition. 
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The Role of CLIP on Modulating Antigen Presentation and 
Class II Expression 

Considerable evidence has recently been obtained 
supporting the idea that CLIP (4,5') binds in the Ag 
binding groove of class II molecules (7, 14, 16, 17'), Mo 
functional evidence exists for the in vivo role of CLIP 
despite the speculation that CLIP could accumulate on class 
II molecules in cells that lack HLA-DM proteins and, in 
turn, block the binding of antigenic peptide to class II 
KHC molecules (18'). It is now discovered that the 
saturation of the endosomal compartment with exogenously 
added CLIP would result in reduced surface expression of 
class II molecules and would inhibit Ag presentation to 
CD4+ T cells. This provides direct evidence for its 
functional role and suggests novel ways to modify Ag 
presentation by class II MHC molecules. More broadly 
stated, the present invention now shows the immunologic 
role of the CLIP peptide. 

The CLIP peptide of the MHC class II pathway is able 
to impede efficient Ag presentation by APCs in vivo. In 
vitro, TA3-B cell hybridomas incubated with exogenous CLIP 
internalize the peptide where it has a dramatic effect on 
achieving compact, stable, class II heterodimers and this 
is reflected. as a decrease in surface class II MHC. In 
vivo, administration of CLIP indirectly impedes T cell 
priming, presumably by reducing the quantity of other 
exogenous peptides available for presentation by APCs. 

For the in vitro studies, a B cell hybridcma, 7A2 was 
used which is a good APC (12'). Using the :-A**-restricted 
Ag, OVA we have found that the addition of CLIP peptide 
decreased the surface expression of I-A** and I-A^. This is 
consistent with the observation thar CLIP has >1000"fold 
higher affinity for I-Ad than I-a" (14'). The observed 
down-regulation Df surface class II MHC could be the result 
of altered conformation-dependent class II epitopes, as 
have been previously reported in HLA-DM mutant cell lines 
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!18,19') rather than of CLIP per se. These mutant cell 
lines also have a large number of their class II molecules 
occupied by cap (18'). Significantly, however, this 
phenomenon is only seen in cells with defective or deleted 
5 DM proteins. We have shown that H-2K is probably not 
defective in the TA3 cell line in two significant ways. 
TA3 subclones, although differing in constitutive levels of 
surface I-A^ retain relatively constant levels of H-2 M 
Also, defects in the HLA-DM protein in cell lines have been 
10 shown to be correlated with an inability to efficiently 

present .native protein (19.20'). when comparing a high I- 
A^-expressing subclone of 7A3 with a low I-Ad-expressir.g 
subclone, we found no significant difference in the ability 
to present either native protein or peptides (data not 
15 shewn) . 

It is unlikely that the CLIP-class II complexes are 
recognized inefficiently by the Abs used because the MHC 
down-regulation is found using Abs that target two 
different MHC haplotypes (i.e. I-Ad and r-A^) and the 
Western blot analysis revealed that MK-D6 Ab binds to 
stable as well as unstable heterodimers which substantiates 
that MK-DK does not bind in a confor.mation-specif ic manner. 
Also, this data is consistent with data showing that both 
10-2.16 (anti-I-Ab") and MK-DK {anti-l-Ab") . Abs 
efficiently immunoprecipitate compact and SDS-unstable 
dimers (15') and FACS analysis performed by others (21') 
has shown that while other Abs are sensitive to 
conformational changes induced by the presence or the 
absence of li, MK-D6 remains insensitive, suggesting tha^ 
MK-D6 binds independently of conformations induced by the 
peptides in the class II binding site. 

The in vivo CUP data illustrated a similar effect 
Mice i.-nmuni2ed with CLIP had a reduction in the expression 
of class II molecules on the APCs. These results support 
the Idea that exogenously added CLIP is taken up by the 
APCS and this results in the inhibition of antigenic 
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peptides loading onto the MHC class II molecules in the 
endosomal compartment. It is possible that the observed 
reduction in class II MHC on BALB/c and C3H cells was the 
result of a lack of T cell activation in the presence of 
CLIP rather than a direct effect of CLIP blocking. 
Decreased T cell activation has been observed in animals 
imiuunized with CLIP and this may in turn, result in 
decreased levels of MHC-up-regulating cytokines (22'). 
Although CLIP could apparently inhibit Ag presentation In 
vivo, this effect was not apparent when cells were 
subsequently challenged in vitro. It is possible that T 
cell priming is more sensitive to adequate ligand density 
via MHC on APCs. Should this not occur, T cells may be 
tol.^rized rather than primed or activated. Considering 
this, if APCs are presenting fewer ligands of peptide Ag 
due to the presence of CLIP, a decrease in vivo priming 
events should be seen. This would be consistent with 
studies in which mice expressing low levels of surface 
class II MHC show drastically impeded T cell responses 
(23'). 

The observation that immunogens are capable of up- 
regulating class II MHC is further evidence that 
exogenously added Ags influence class II surface expression 
(a2). It is likely that immunogenic peptides stabilize 
class II heterodimers, which leads to long lived surface 
complexes . 

Because of the apparent correlation between dose and 
time of exposure of cells to CLIP, it is presumable that 
CLIP is exerting a role in down-regulating the surface 
expression of class II MHC, Further support for this comes 
from Western blot analysis that demonstrates an increase in 
the intracellular floppy state of MHC class II molecules 
compared with that of non-CLIP incubated cells. This is 
significant because it has be-.n reported that MHC molecules 
bound strictly to CLIP peptide do not achieve the compact 
SDS-stable state (7'). 
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Defective Ag presentation has been shown to be linked 
to the inability of HLA-DM molecules (the human counterpcrr 
to murine H-2M molecules) to remove invariant peptides and 
that once functional DM molecules are transfected to these 
cells, normal Ag presentation resumes (18'). The 
observations may be linked to the function of the H-2M 
accessory protein, which is believed to play a vital role 
in the endocytic pathway (6, 24') similar to that of HLA- 
DM. By incubating APCs with CLIP, we have in effect 
artificially enhanced its presence in the endocytic 
pathway. More, we believe that the compartment of oeptide 
loading (CPL or CIIV) is saturated with CLIP and H-2M is 
unable to perform adequately in removing the peptide 
occurring as a result of self-processing activity. Because 
of this, CLIP remains bound with MHC mole rules and prevents 
them from having their binding sites occupied by exogenous 
peptides. For this to be true, it must be demonstrated 
that exogenous CLIP is in fact being internalized. T.he 
preliminary confocal microscopy results (data not shown) 
revealed that CLIP' is in fact internalized over time and 
colocalizes intraceilularly with a vesicle that is rich in 
class II MHC and is proximal to the cell surface. Also, 
incubating TA3 ceils with FITC-CLIP or FTTC-OVA- (323-339) 
demonstrated that OVA peptide binds strongly and 
immediately to surface class II molecules, whereas CLIP 
does not. Moreover, these observations do not appear to be 
brought about by the ability of CLIP to down-regulate class 
II MHC, since down-regulation is not appare.nt until after 
4h of culture. These observations lead to a strong 
indication that exogenous CUP is being internalized along 
t.he endocytic pathway. it has also been shown that class 
II peptide complexes once formed are virtually irreversible 
(25'). Given this, it is difficult to rationalize 
e.xogenous CLIP e.xerting its effect in any other way than by 
interfering at the stage where APC is endoge.nously loading 
the processed Ag onto class II molecules, since the 
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mycobacterial components in CFA require processing before 
presentation- The.. . ,re, other than associating with class 
II MHC, as is the case with OVA- (323-339) and other 
inuTiunogenic peptides, CLIP is most likely interfering 
endogenously, perhaps with H-2M, which prevents the export 
or functional class Il-immunogenic peptide complexes to the 
cell surface. 

The functional effect of CLIP on T cell responses is 
further supported by its role in Ag presentation. We found 
that CLIP inhibited the T cell response when injected 
simultaneously with Ag. This suggests that either CLIf- 
prevents presentation of Ag to T cells or blocks T cell 
function. Cell mixing experiments supported the functional 
role of CLIP in blocking Ag presentation by the APCs . When 
T cells and APCs from mice immunized with CLI? plus CFA or 
with CFA alone were mixed, we found that APCs from the 
CLIP/CFRA-immunized mice inhibited the presentation of ?PD 
to T cells from the CFA alone group. Mixing T cells fror. 
CLIP-immunized mice with APCs from saline-irrjnuni zed mice 
revealed a similarly reduced in vitro T cell response, 
suggesting that T cells were inefficiently primed in vivo 
due to inefficient presentation and low class II MHC on the 
APCs (23'). 

The data in Figure 5A, where a different peptide of 
similar size to CLIP is used in its place for immunization, 
shows that in vivo T cell priming is impaired not as the 
result of direct competition between CLIP and other 
irrjnunized Ag but rather as a result of the interaction 
between CLIP and the endocytic pathway. 

These results support the idea that the level of 
intracellular CLIP is normally in an equilibrium that 
affords the cell a balance between efficient peptide 
presentation and maintaining the pool of class II MHC to 
present antigenic peptide. When this equilibrium is 
altered by exogenous CLIP, efficient peptide presentation 
by MHC class II molecules is drastically impeded, which in 



Ca b22«5«80 199''-05- 16 



13 

turn, down-regulates Ag-specific T cell responses. 
Saturating quantities of CLIP peptide prevents adequate 
peptide loading cf exogenous antigenic peptide, which in 
turn ir.pedes the fcrrration of the compact sta'e of class II 
heterodimers . The ultimate effect cf reducing the number 
ot cell surface-stable class II heterodimers is a reduction 
in the efficiency of APC Ag presentation. In support of 
these results, studies in HLA-DMS ir.utants have denonstrated 
that the inability tc remove li p=;ptidcs prevents zhe 
formation of stable HLA-DR molecules (18'). These data 
demonstrate the ability of CLIP, administered exogenously, 
to down-tegulate the iirmune response by blocking efficient 
Ac presentation to T cells. Because of its ability tc bind 
to MHO class II a/p heterodimers in the peptide l:^3ding 
compartment, exogencusly added CLIP inhibits the principal 
function of the H-2M molecule in situ. These studies 
ccnfirn the intracellular role of CLIP in Ag presentation. 

The Role of Clip On the Inmiune Response Induced cn THl and 
TH2 by 3ifft,rent Peptide Antigens 

Alsc investigated was the effect of CLIP on the irrmune 
response induced by different peptide antigens with 
different affinities for MHO. The peptide K3 has a lew 
affinity and has been shewn to induce a TH2 type of 
response while K1A2 with a high affinity has been shown to 
induce a TKl type of response. The peptide K4 hcs an 
intermediate affinity and xnOuces both TKl and TH2 types of 
responses (9';, We now show that saturating the endosorr.al 
compartment with exogenously added CLIP would down regulate 
the antigen presentation which in turn may affect the 
cyzo'/ine profile and perhaps completely alter the immune 
resporcr to a specific antigen. 

When imrmnizing CLIP with the three peptide antigens a 
variation in response to the peptides K3, K4 and K1A2 was 
noted. Thf peptide K1A2 induced a strong proliferative 
response wr.ereas the peptide K3 generated only a wea- 
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proliferative response. Tne peptide K4, c: '.e other hand, 
produced a moderate response. This cor.firrs earlier work 
done with these peptides (8'). This variation in response 
is a consequence of the fact that the peptides, though 
cross reactive, have minor differences in their anino acid 
structure at key residues resulting in different affinities 
for I-a". 

The inventor has shown that when K3, K4 and k:a2 were 
injected along with CLIP, a significant decrease in the 
proliferative response towards each of the peptides was 
observed. Also observed was that K3 and K4 consistently 
demonstrated a significant drop in response when immunized 
with CLIP whereas K1A2 experienced a reduction ranging fror. 
minimal to significant (data not shown). it is reasonable 
tc assume that CLIP, like the peptide antigens K3, K4 and 
K1A2, becomes internalized a.nd localized in the endosome. 
As both CLIP and the peptides are able to bind to class II 
MHC, they compete with each other for the privilege. As a 
result, antigens experience a decreased rate of binding to 
the MHC and a lower level of presentation. This results in 
a lower ligand density and is, therefore, responsible for 
the observed weaker immune response. The peptide K1A2, cue 
tc its high affinity, was able to compete more effectively 
with CLIP t.han the other peptides and therefore did not 
experience as great a decline in the level of peptide 
binding or presentation and in turn, did .not show as 
noticeable a decrease in response. 

The degree to which CLIP is able to inhibit antigen 
binding and subsequent antigen presentation is related to 
the affinity of the antigen for I-A^ High affinity 
antigens appear to be effective at competing with CLIP a.id 
therefore are still able to mount a significant response, 
lower affinity antigens appear to be less capable of doing 
this and a greater drop in proliferative response is 
observed . 
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It has been previously demonstrated that ligand 
density, along with the type of APC and particular epitope 
presented, is an important factor in determining whether a 
Thl-like or a Th2-like response is generated (8', 17'). 
Important for our study, it has been shown that a high 
ligand density is responsible for generating Thl cell 
responses, where as Th2 cell responses result fron a low 
ligand density. If, as evidence indicates, CLIP is truly 
altering the expression of peptides at the surface of APC s 
and as a result is affecting T-cell activation and 
proliferation then it would be expected that CLIP would 
also affect cytokine profiles. This is, indeed, what we 
found . 

The notion that CLIP down regulates MHC expression is 
supported by its ability to alter cytokine secretion. We 
observed that CLIP causes greater amounts of IL-4 to be 
released in mice immunized with either K3, K4, or K1A2. 
This increase in IL-4 would correspond to an increase i^-. 
the relative amount of Th2 cells generated by the inmune 
response. Also observed, was the fact that CLIP induced a 
decrease in the amount of IFN7 secreted, indicating there 
was a drop proportion of Thl cells. Ail in all, CLIP 
demonstrated an ability to shift the T-helper cell response 
away from a Thl-like and towards a Th2-like. 

The results from the antibody studies also reveal a 
shift from a Thl towards a Th2 response. Immunization with 
CLIP was observed to change the proportions of IgGI and 
IgG2a aritibodies. As a result of CLIP, antibody responses 
to each peptide showed a significant increase in the 
proportions of IgGI antibodies, as well as a decrease in 
the proportion of IgGa antibodies. As IgGI antibodies are 
associated with a Th2 response and IgG2a antibodies with a 
Thl response {13'), this shows again that there is a switch 
froir. Thl to Th2 cells. 

The change in T-helper cell subsets is an important 
aspect of a treatment with a CLIP-containing imrauncgenic 
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composition. It alters the very nature of the immune 
response as it dees nor stimulate antibody production 
because the peptide is non-antigenic. Rather than being 
inclined towards an inflammatory response (Thl), an immune 
> reaction can be directed towards a more protective response 
(Th2). ^ 

Under normal situations, immune systems rarely see 
peptide antigens as described above but rather encounter 
protein antigens. Protein antigens require an important 
additional step, in that it is necessary for them to 
undergo processing before binding to class ll khc. The 
inventor has s.hown that CLIP had a similar effect on the 
ovalbumin as it did on the peptides K3, K4, and K1A2. It 
caused a decrease in proliferative response. it also 
xnduced an increase in the levels of II-4 secretion and a 
correlating decrease in IFN-y levels. Apparently, there is 
no difference in rh, effect of CLIP on peptides or protein 

T..e CLIP peptide has been demonstrated to be effective 
at transforming the immune response. it is able to down 
regulate the strength of the proliferative response without 
eliminating it. CLIP is also able to alter the nature of 
the T-helper subset populations and as a result change the 
way xn which the immune system responds to antigens The 
Th2 subset is important for the generation of huir.oral 
ir^^une responses whereas the Thl subset plays a critical 
role in generating delayed-type hypersensitivity imn,une 
responses. The Thl subsets are often found to also be 
involved with autoimmune conditiuns. They play an 
important role in causing inflammatory disorders as weH 
A technique such as using CLIP, provides a means by wh^ch 
to manipulate Thl subsets could prove useful in controlling 
autoimmune disorders. CLIP may be an effective tool to 
modulate responses and shift them away from a harmful, 
disease causing Thl immune response towards a Th2 response 
which often associated with protection. 
Peptides 
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CLIP peptides or fragments thereof r.ay be prepared by 
any suitable peptide synthetic method. 

Chemical synthesis nay be employed, for example 
standard solid phase peptide synthetic techniques may be 
5 used. Tn standard solid phase peptide synthesis, peptides 
of varying length can be prepared using ccmmerciaily 
available equipment. This equipment can be obtained fro.T 
Applied Biosystems (Foster City, CA. ) . The reaction 
conditions in peptide synthesi.^ are optimized to prevent 

IC isomerization of stereochemical centres, to prevent side 
reactions and to obtain high yields. The peptides are 
synthesized using standard automated protocols, using t- 
butoxycarbonyl-alpha-amino acids, and following the 
manufacturer's instructions for blocking interfering 

15 groups, protecting the amino acid to be reacted, coupling, 
deprotecting and capping of unreacted residues. The solid 
support is generally based on a polystyrene resin, the 
resin acting both as a support for the growing peptide 
chain, and as . a protective group for the carboxy terminus. 

2C Cleavage from the resin yields the free carboxylic acid. 

Peptides are purified by HPLC techniques, for example on a 
preparative C18 reverse phase column, using acetonitrile 
gradients in 0.1% t r if luoroacetic acid, followed by vacuum 
drying . 

2S CLIP peptides may also be produced by reco.mbinant 

synthesis. A DNA sequence encoding the desired peptide is 
prepared, for example by cloning the required fragment from 
zhe DNA sequence encoding the complete invariant chain 
protein, obtainable from genomic DNA or from comrriercially 

iO available genomic or cDNA libraries, and subcloning intc an 
expression plasmid DNA. Suitable mammalian expression 
plasmids include pRC/CMV from Invitrogen Inc. The gene 
construct is expressed in a suitable cell line, such as a 
Cos or CHO cell line and the expressed peptide is extracted 

35 and purified by conventional methods. Suitable methods for 
recombinant synthesis of peptides are described in 
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"Molecular Cloning" (Sambrook, Prit3Ch and Maniatis, Cold 
Spring Harbor Laboratory Press, 1989). 

Analogues of CLIP peptides may be prepared by similar 
synthetic methods. The tern "analogue" extends to any 
functional and/or chemical equivalent of a CLIP peptide an( 
includes peptides having one or more conservative air.ino 
acid substitutions, peptides incorporating unnatural amino 
acids and peptides having modified side chains, 

Examples of side chain modifications contemolated by 
the present invention include modification of amino groups 
such as by reductive alkylation by reaction with an 
aldehyde followed by reduction with NaBH4; amidacion with 
methylacetinidate; acetylation with acetic anhydride; 
carbamylation of amino groups with cyanate; 
tr initrobenzylation of amino groups with 2, 4, 6, 
trinitrobenzene sulfonic acid (TNBS) ; alkylation of amino 
groups with succinic anhydride and tetrahydrophthal ic 
anhydride; and pyridoxylation of lysine with pyridoxal-5 ' - 
phosphate followed by reduction with NaBH^. 

The guanidino group of arginine residues may be 
modified by the formation of heterocyclic condensation 
products with reagents such as 2, 3-butanedione, 
phenyiglyoxal and glyoxal. 

The carboxyl group may be modified by carbcdiimide 
activation via -acyliscurea formation followed by 
subsequent der ivat isation, for example, to a corresponding 
fimide . 

Sulfhydryl groups may be modified by methods such as 
carboxymethylation with iodoacetic acid or iodoacetamide; 
performic acid oxidation to cysteic acid; formation of 
mixed disulphides with other thiol compounds; reaction with 
maleimide, maleic anhydride or other substituted maleimide; 
formation of mercurial derivatives using 4- 
chlcromercuribenzoate, 4-chloromercur iphenylsulf onic acid, 
phenylmercury chloride, 2-chloromercuric-4-nitrophenoJ and 
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other mercurials; carbamylation with cyanate at alkaline 
pH . 

Tryptophan residues may be modified by, for example, 
oxidation with N-bromosuccinimide or aiicylation of the 
indole ring with 2-hydroxy-5-nitroben2yl bromide or 
sulphonyl halides. Tyrosine residues may be altered by 
nitration with retranitromethane to form a 3-nitrotyrosine 
derivative. 

Modification of the imidazole ring of a histidine 
residue may be accomplished by alkylation with iodacetic 
acid derivatives of N-carbethoxylation with 
diethylpyrocarbonate. 

Examples of incorporating unnatural amino acids and 
derivatives during peptide synthesis include, but are not 
limited to, use of norleucine, 4-amino butyric acid, 4- 
amino-3-hydroxy-5-phenylpentanoic acid, 6-aminohexanoic 
acid-, t-butylglycine, norvaline, phenylglycine, ornithine, 
sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2- 
thienyl alanine and/or D-isomers or amino acids. 

Examples of conservative amino acid substitutions are 
substitutions within the following five groups of amino 
acids (amino acids are identified by the conventional 
single letter code): Group 1: F Y W; Group 2: V L I; Group 
3: H K R; Group 4: M S T P A G; Group 5: D E. 

Also included in the present invention are CLIP 
analogues such as those described in Gautam et al., (1995) 
and Jensen (1996), the contents of which are incorporated 
herein by reference. These studies examined the effect of 
amino acid substitution on CLIP binding to the MHC groove 
and described analogues retaining CLIP binding activity. 
It is predicted that these analogues will be effective in 
the methods of the present invention. 

The discovery that the CLIP peptide is internalized 
and decreases surface expression of class II MHC molecules 
as well as inhibits antigen presentation to T cells and 
decreases T cell function, clearly points to a therapeutic 



CA 0]7l>S6tO 1997-05- 16 



20 

role for this peptide. In addition, the finding that CLIP 
alters cytokine production and alters THl and TH2 responses 
Clearly indicates its role as a therapeutic corr.position for 
those conditions involving inappropriate immune responses 

5 and in particular autoimune disorders such as lupus, 
diabetes, rheumatoid arthritis just to name a few. 
Autoimmune disorders result from a failure of the iinmune 
system to discriminate between foreign antigen and self 
antigens and can result in death. 

0 In accordance with one embodiment of the invention. 

CLIP peptide or an active fragment or analogue thereof 'is 
administered to a mammal in need of treatment as a 
pharmaceutical composition comprising a solution of the 
peptide, and optionally including a pharmaceutically 
5 acceptable carrier. 

A pharmaceutical composition comprising a solution of 
a CLIP peptide acts as an anti-inflammatory and leads to 
down-regulation of zhe expression of mkc class II 
molecules. 

The composition may be administered in a safe and 
effective amount to any living organism including humans 
and animals. By safe and effective as used herein is meant 
providing sufficient potency in order to decrease, prevent 
ameliorate or treat the immune condition affecting a 
subject while avoiding serious side effects. Such a safe 
and effective amount will vary depending on the age of the 
subject, the physical condition of the subject being 
treated, the severity of the immune condition, the duration 
of treatment and the nature of any concurrent therapy. 
Administration of a therapeutically active amount of the 
pharmaceutical composition of the present invention is 
defined as an amount effective, at dosages and for periods 
of time necessary to achieve the desired result. This Tay 
also vary according to factors such as the disease state, 
age, sex, and weight of the subject, and the ability of ^he 
CLIP peptide to elicit a desired response in the subject 
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Dosage regiir.es may be adjusted to provide the optimum 
therapeutic response. For example, several divided doses 
may be administered daily or the dose may be proportionally 
reduced as indicated by the exigencies of the therapeutic 
situation. 

By pharmaceutical carrier as used herein is meant one 
or more biologically compatible solid or liquid delivery 
systems. By biologically compatible as used herein is 
meant that the components of the composition are capable of 
being corr^ingled, without interacting in a manner that 
would substantially decrease the pharmaceutical efficacy of 
the total CLIP composition which includes the liposome 
delivery system under ordinary use. Some examples of 
compatible materials useful as pharmaceutical carriers are 
sugars, starches, cellulose and its derivatives, powdered 
tragacanth, malt, gelatin, collagen, talc, stearic acids, 
magnesium stearate, calcium sulfate, vegetable oils, 
pclyols, agar, alginic acids, pyrogen-free water, isotonic 
saline, phosphate buffer, and other suitable no.^-toxic 
substances used in pharmaceutical formulations. Other 
excipients such as wetting agents and lubricants, tableting 
agents, stabilizers, anti-oxidants and preservatives are 
also contemplated. 

The peptide solution may be administered 
therapeutically by injection or by oral, nasal, bucca' 
rectal, vaginal, transdermal or ocular routes .n a varle^y 
of formulations, as is known to those in the art. 

For oral administration, various techniques can be 
used to improve peptide stability, based for example on 
chemical modification, formulation and use of protease 
inhibitors. Stability can be improved if synthetic amino 
acids are used, such as peptoids or betidamino acids, o^ if 
metabolically stable analogues are prepared. 

Formulation may be. for example, in liposomes for 
improved stability. Oral administration of peptides may be 
accompanied by protease inhibitors such as aprotinin 
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soybean trypsin inhibitor or FK-448, to provide protectior 
for the peptide. Suitable methods for preparation of oral 
formulations of peptide drugs have been described, for 
example, by Saffran et al., (1979) (use of trasylol 
5 protease inhibitor); Lundin et al. ,1986) and vilhardt et 
al., (1986). 

The composition containing the CLIP peptide of the 
present invention can also be administered i.. an solution 
or emulsion contained within phospholipid vesicles called 
: liposomes. The liposomes may be unilamellar or 

multilamellar and are formed of constituents selected from 
phosphatidylcholine, dipalmitoylphosphatidylcholine 
cholesterol, phsphatidylethanolamine, phsophatidylserine 
demyristoylphosphatidylcholine and combinations thereof ' 
The multilamellar liposomes comprise multilamellar vesicles 
of similar corrposition to unilamellar vesicles, but are 
prepared so as to result in a plurality of compartments in 
which the CLIP containing solution or emulsion is 
entrapped. Additionally, other adjuvants and modifiers may 
be included in the liposomal formulation such as 
.oolyethyleneglyc.l, other peptides or other materials. 

The liposomes containing the CLIP composition may also 
have modifications such e.s having antibodies immcbiJized 
onto the surface of liposome in order .o target their 

delxvery . 

Due to the high surface area and extensive vascular 
network, the nasal cavity provides a good site for 
absorption of both lipophilic and h.drophilic drugs 
especially when coadministered with absorption enhancers 
The nasal absorption of peptlde-based drugs can be improved 
by using aminoboronic acid derivatives, amastatin, and 
other enzy„,e inhibitors as absorption enhancers a.nd by 
using surfactants such as sodium glycolate, as described in 
Amidon et al. , (1994) . 

The transdermal route provides good control of 
delivery and maintenance of the therapeutic level of drug. 
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over a prolonged period of time, A means of increasing 
skin permeability is desirable, to provide for systemic 
access of peptides. For example, iontophoresis can be used 
as an active driving force for charged peptides or chemical 
enhancers such as the nonionic surfactant n-decylmethyl 
sulfoxide (NDMS) can be used. 

Transdermal delivery of peptides is described in 
Amidon et al. (1994) and Choi et al. (1990). 

Peptides may also be conjugated with water soluble 
polymers such as polyethylene glycol, dextran or albumin or 
incorporated into drug delivery systems such as polymeric 
matrices to increase plasma half-life. 

More generally, formulations suitable for particular 
modes of administration of peptides are described, for 
example, ;n Remington's Pharmaceutical Sciences, latest 
edition, Mac:- Publishing Company (Easton, PA.) ' 
Immunogenic Compositions 

In accordance with a further embodiment of the invention, 
CLIP peptide or an active fragment or analogue thereof is 
administered as an immunogenic composition to a mammal in need 
of trearnent. 

Immunogenic compositions of CLIP peptide do not stimulate 
any antibody response (B.J. Rider et al. (1996), Molec, 
Immunol,, v. 33, p. 625) but do modulate the response of the T 
cell arm of the immune system to an antigen. In addition to 
down-regulating surface expression of MHC class II molecules, 
immunogenic compositions of CLIP cause a shift in the ratio of 
TH1:TH2 helper cells. 

Immunogenic compositions of CLIP or an active fragment or 
analogue thereof may be prepared by combining the selected 
peptide with a suitable adjuvant. 

Ad;iuvants may be employed which nor only enhance but 
sel. actively modulate the type of immune response to the 
administered peptide; for example monophosphoryl lipid A (MPL) 
favours a THl type response, while QS21 (Cambridge Biotech) 
favours a cytotoxic T cell response. 



CA 02205680 1997-05-16 



24 



Aluninu. hydroxide and alun,inu,n phosphate (collectivelv 
co^oniy referred to as alu.) are adjuvants coJonly Ted Vn 
h^an and veterinary vaccines. Oiive ci. e.uisions o h 
hu..an-approved emulsifying agents .ay also be used 

An adjuvant should be non-toxic, capable of st^mula^in. 
sustained immune resnon«* . sc.muiawing 

response and compatible with the peptide 

immunogenic compositions containing proteins o^ oe / h 
are generally well .nown in the art. as exempli fTed J u s 
-tents 4.S01,g03; .,599,231; .,599.230; and 4, 59 792 • , 

2T ^-e- re;ere ce " 

— ogen.c compositions may be prepared as injectables as 
nq-d solutions or as emulsions. CLIP peptid 3 or ana; 
or fragments thereof may be mixed with I analogues 
accerr^hio • • Pharmaceuticaily 
acceptable excipients which are compatible with the n • 
15 fragments or analogues Such » • Peptides, 
.alin. ^ excipients may include water 

saline, dextrose, olvcernl , •"«<-er. 

20 effectiveness of the vaccines. 

immunogenic compositions may be administered 
parenterally, or by injection subcutaneously or 

cxaverea m a manner to evoJcR an 

® immune response 
mucosal surfaces. The oral n.^.i ^ponse at 

.»ica-iou/^ '-""lotion has t.„ „o.„ to be 

.«.ca..ou5 .„ <,e„.ratl„, both respiratory tract mucosal 
»n„„.t, an. systemic i^.„.t,. .„„utio„ of an ae o o 

Delivery systems for mucosal immunization include , 

oacterial toxins or subunits thereof. 
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For examples, cholera toxin B subunit may be conjugated to an 
antigen for improved mucosal immunization. 

Alternatively, other modes of administration including 
suppositories and oral formulations may be desirable. For 
suppositories, binders and carriers may include, for example, 
polyalkalene glycols or triglycerides. Oral formulations may 
include normally employed excipients such as, for example, 
pharmaceutical grades of saccharine, cellulose and magnesium 
carbonate. Immunogenic compositions may take the form of 
solutions, aerosols, suspensions, tablets, pills, capsules, 
sustained release formulations or powders and may comprise 10- 
95% of peptide 15 or peptide 42 or an analogue or fragment of 
one of these peptides. 

The immunogenic compositions are administered in a manner 
compatible with tl.e dosage formulation, and in such amount as 
will be therapeutically effective and immunogenic. The 
quantity of iirmunogenic composition to be administered depends 
on the subject to be treated, including, for example, the 
weight of the subject and the capacity of the subject's immune 
system to produce a cell-mediated immune response. The dosage 
may also depend on the route of administration. However, 
suitable dosage ranges are readily determinable by one skilled 
in the art and nay be of the order of micrograms of the 
peptides, analogues or fragments thereof. 

Varying concentrations of CLIP may be used depending on 
the affinity of the antigen involved. 

Nucleic aci'. -nolecules encoding CLIP peptide or a 
fragment or an analogue thereof may also be used for 
inwunization. For example, DNA in a plasmid vector may be 
a'lministered directly, in saline, by injection, preferably by 
intramuscular injection, for genetic immunization. It is 
bei.eved that the DNA is expressed in vivo to give the encoded 
peptide -ntigen which st-\nulates an immune response. DNA may 
also be administered by constructing a live vector such as 
Salmonella. BCG, adenovirus, poxvirus, vaccinia or poliovirus 
including the DNA. Some live vectors that have been used to 
carry heterologous antigens to the immu.ne system are discussed 



CA 32205680 I99a-0S-|7 



26 

in, for example, C'Hagan (31). Processes fcr the dire-jL 
injection of HNA intc subjects for genetic immur.i zar icn are 
described in, for example, Ulmer et al., (32). 

The examples are described for the purposes of 
illustration and aro not intendod to limir the scope of the 
invention. 

.Methods of molecular genetics, protein and peptide 
biochemistry and imir.unolcgy referred to but not explicitly 
described in tnis dlscIo-.-ire and examples are repor-.ed i.i' 
the scientific literature and are well known to these 
.skilled in the art. 



EXAMPLES 

Exaunple 1 

Materials and Methods 

Mice 

Female BAL3/c (I-A'') and C3H/HEI d-A') mien, 7 tn IP. 
wk of age. were purchased from The Jackson Laboratory :Bar 
Harbor, M£) . 

Antigens 

CFA, IFA, OVA, hen egg iyzozyme {HF.r,: , nr.ri purified 
protein derivative of Mycoh^cr.cr: ur. Tuberculosis (PPrj used 
for iirjnunizations and in vitro were purcha.sed from .-jigr.a 
Chemical Cc. :st. Louis, MO). Mouse CLIP- (r^L-lci ) . Kl.if, 
a.id OVA-;323-339) peptides were sy.nthesized Lr. thil 
laboratory using an Applied Biosystem 43lk peptide 
synthesizer (Foster City. C«, , as previous.y described ,10. 
11), according to the sequence KPVS0MRM;k7.=i:.?>rR?M (SEQ ID 
N-0:l) (CL:P), EYKEYAAYAEYAEYA (SE0IDN0:3; (KiA2., or 
ISUAVilAAHAEIKEAGR (SEC ID NO: 4) (OVA). K1A2 has been 
descr.bed previously (IC) and shows an IC,, value of 0.27 
for b-nding to purified class II l-A' molecules (li; . 
Peptides were purified using reverse phase .H?LC on a C-, 
analytical colu.-nn (YMC, Kuse-gun, Kyoto, Japa.:), using a 
linear gradient of water-acetonitrile (1.37* 
acetonitrile/min). FITC-CLIP- (8S-101) and FITC-OV.^- (323- 
33S; were prepared using an iV-hydroxysucci.nar.-.ide-FITC INKS, 
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Pierce I rrmuno techno logy, Rockford, IL) ester linkage 
according tc the fcllowing protocol. Five parts of NHS- 
rlTC were dissolved in A^methylpyrrol idone with cne part of 
peptide bound to solid support that still had side chair, 
groups protectee, leaving only the N terminus free, thus 
ensuring that only one FITC group can react per peptide 
mclecule. Twc parts of OIEA - -sopropylethylamine) were 
subsequently added. After 4 » 8 h, the reaction mixture 
was filtered through a mediL.-3 fritted glas funnel; cleaved 
frorr supporting resin a.nd protecting groups using a 
cleavage mixture (Applied Biosyster.s} of crystalline 
phenol, 1,2-ethanedithiol, thioanisole, deionized K2O, and 
trif luoroacetic acid; and purified on a Sephadex G-25 
cclumn (Pharmacia Biotech, Quebec, Ca.iada; , and the FITC- 
ccnjjgated peptides were purified by .HPLC as previously 
described (lO; . Peptid^i used in this study were dissolved 
at a concentration of 1 mg/ml in either physiologic saii.ie 
or medium and filtered through a 0.22-pin pore size filter 
fcr sterilization. 

K3 and K4, were prepared by the Merrirield solid-phase 
technique on a Decfcnan 390C Peptide Synthesizer (Palo Alto, 
CA) a3 previously described (14') . The crude preparations 
were purified by KPLC on a C-18 reverse phase sf mi- 
preparative SynChropak RP-P colu.Tin (synchros. Linden, IN), 
using a linear gradient from water to acetonitriie (1.37% 
acetronitrile/min). For functional assays, peptides were 
dissolved in saline by adjusting pH to 7.2 with 0.1 N NaOH 
and were sterilized by filiation through a 0.22 ^un filter. 
Abbreviations used for amino acids: K, lysine; E. glutamic 
acid; Y tyrosine; A, alanine. Purf ie : protein derivative 
(P?D, Statens Seruminstifut Tuberculin Department 
Copenhagen, De.nmark) was used at a concentration of 40jig/ml 
fcr a positive control. 
Arcitodies 
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niAb-producing hybridomas 10-2.15 (anti-I-Ap*) , MK-D6 
(Anti-I-Ap*^) , and RA3.3A1 (anti-B220), used for Western 
blotting and FAC5 analysis, were purchased frorr. the 
American Type Culture Collection (Rockvilie, MD) . 
Horseradish peroxidase-conjugated rabbit and anti-mouse IgG 
Abs, used for Western blotting, were purchased from 
Ar.ershaiti Canada Ltd. (Oakville, Canada) . 
Cells and hybridomas 

TA3 cells were obtained from Dr. L. Glimcher, Harvard 
Medical School (Boston, MA). As previously described (12). 
TA3 cell lines exhibit a reduction in surface I-A"* 
expression when passaged in culture over time. In the high 
expressing clones, I-A*^ surface expression exceeds I-A\ 
whereas low expressing clones have greatly reduced I-A** 
compared to I-A*". For these studies, an intermediate 
expressing subclone of the TA3 cell line {TA3.li; that has 
similar levels of I-A** and I-a" expression was used (12). 
Imi7iuni2ation and T cell proliferation assay 

Mice were im.itunized in the bind footpads with CLIP 
peptide (100 pg), K1A2 peptide (100 pg), or OVA (50 pg) 
emulsified with CFA or IFA (Sigma Chemical Co., St. Louis, 
MO) using a saline group as a control. After 10 days, 
popliteal lymph nodes were excised, and a single cell 
suspension was prepared. Cells from CFA/CLIP-imm unized 
mice and those from control mice were separated as follows. 
Cell suspensions were incubated for 1 h at 37°c, and the 
resulting nonadherent supernatant fraction was enriched for 
T cells on a nylon wool column (13). Adherent macropha-es 
were pooled with column-bound B cells from CFA/CLIP- 
immunized mice and in turn pooled with T cells enriched 
from control nice. In other experiments, cell suspensions 
were used without enrichment. Cells were cultured in 96- 
well flat-bottom plates (Becton Dickinson Co., Rutherford, 
NJ) at 2 X 10^ cells/well in the presence or the absence of 
either of both challenge peptides (100 fig/ml for CLIP 



CA 022«56«0 I997-05-I6 



29 



peptide, 40 pg/ml of PPD unless otherwise indicated, and 50 
pg/ml for OVA) in 200 ml of culture medium (BPMI 1640 (Life 
Technologies, Grand Island, NY) supplemented with 10* FCS 
(Bockneck, Canada), 10 mM HEPES, 2 mM L-glutamine, 5 x 10"* 
M 2-ME, and 1 U/ml penicillin-streptomycin) . After 3 days, 
cultures were pulsed with 1 nCi/well of ['HITdR (New England 
Nuclear-DuPont, Boston, MA) for 16 to 20 h. Incorporation 
of ['H]TdR was measured using a liquid scintillation counter 
(LKB Instruments, Gaithersburg, MD) . None of the peptides, 
including CLIP, was toxic to the cells in culture over a 
wide range of doses, as determined by trypan blue dye 
exclusion. 

In another experiment, BALB/c mice were im-nunized with 
SOpg of either K3, K4 or K1A2 peptide along with either 
saline, CLIP or ovalbumin (323 - 339) peptide emulsified in 
IFA ( Sigma Chemical Co.) in both the hind foot pads. 
Another group of mice was immunized with 50 jig of ovalbumin 
protein (Sigma Chemical Co.) along with either saline, 
CLIP, or K1A2. After ten days, popliteal lymph nodes were 
removed and single cell suspension was prepared. The cells 
were then cultured in 96-well flat bottom plates (Becton 
Dickinson and CO., NJ) at 2x10* cells/well in the presence 
or absence of the peptide (50(ig/ml) in 200 fil of culture 
medium (RPMI 1640, (Gibco, Grand Island, NY) supplemented 
with 10% FCS {Bockneck, Rexdale, ON, Canada), lOmM HEPSS. 
2rrM L-glutamine, 5x10* M 2-mercaptoethanol and IC/ml 
penicillin/streptomycin]. After 3 days, cultures were 
pulsed with IfiCi/well of C^H] -thymidine (NEN Du Pont, 
Boston, KA) for 16-20 h. Incorporation of [^K] thymidine 
was measured using a liquid scintillation counter (LKB 
Instruments, Gaithersburg, MD) . 
FACS analysis 

FACS analysis was performed on both TA3 ceils and 
muri.ne lymphocytes. For TA3 cells, 1 x lo' cells were 
incubated with or without CLIP- (85-101 ) or OVA- (323-339) 
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peptides at different times and concentrations. Ceils were 
also incubated with OVA or HEL proteins. Ceils were then 
stained for I-A** and I-A*' surface expression. In other 
experiment, cells were incubated with FITC-CLIP (100 fic/ml) 
or FITC-CVA-( 323-339) peptide (100 ^g/ml) for various times 
and then analyzed by flow cytometry (12) (Becton Dickinson, 
CA) ■ I-ive cells were gated based on propidium iodide 
exclusion and side/forward laser scatter. Gated cells 
(20,000e vents/sample) were subsequently analyzed using 
LYSYS software (Becton Dickinson, Mountain View, CA) . 

For rurine lymphocytes, lymph nodes from CLIP- or non- 
CLIF-immunized mice (described below) were harvested, and a 
single cell suspension was prepared. Cells were stained 
for I-A** (BALB/c) or I-A*" (C3H) and B220 surface expression 
and subjected tc flow cytometric FACScan analysis as 
described above. 
Western blot analysis 

TA3.11 cells (2 x 10*) were incubated with or without 
varying concentrations of CLIP peptide (100, 200, and 500 
^g/ml; for 24 h at 37'*C. Cells were resuspended in lysis 
buffer (1% Triton X-100, 1% BSA, 1 mM iodoacetamide, 0.2 
U/ml aprctinin, lm.Y PMSF, 0.01 M Tris, 0.14 M NaCl, and 
0.025% NaNj, pH 8.0) and incubated for 1 h at 4**C. Lysate 
was cleared by microcentrif ugation {10,0C0 x g, 30 min) and 
added to an equal volume of 2 x SDS-sample buffer (25% 4 x 
Tris-St^S (pH 6.8; 6% Tris am.: 0.4 g of SOS), 20% glycerol, 
4% SDS, and 2% 2-ME) . Samples were either boiled for 5 min 
or rot boiled and analyzed by electrophoresis by 10% SDS- 
PAGE. Gels were blotted onto Immobilon paper (Millipore 
Corp., Bedford, MA) and incubated with primary Ab MK-D6 
(anti-I-Ap'^) . Se^^w..2ry hcisnradish peroxidase-con j ugated 
goat anti-mouse IgG (Amersham Canada) was subsequently 
added to the washed blot ,=ind incubated. Washed blots were 
developed using the enhance:! ^^hemi luminescence method 
(Amersham Canada) and exposec: to x-ray iiim (Dupont De 
Nemours Co., Wilmington, DE) . 
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Cytokine assays: To determine the cytokine product ion, 
lymph node cells (2x10*) form immunized mic ' were cultured 
as described above in 24-well flat bottom plates (Corning 
Glass Works, Coming, NY) in 2 ml medium in presence or 
absence of the peptides K3, K4 or K1A2 50pg/ml) , 
Supernaten^-s were collected at different time periods and 
assayed for different cytokine contents. IL-2 conte-ns 
were assayed by culturing supernatent wisth CTLL cells for 
20 h. Cultures were then pulsed with ( ] -thymidine 
(l^Ci/well) and incorporation of I^H] -thymidine was measured 
as described above. Recombinant IL-2 (20U/ml) 
{Collaborative Biomedical Products, Bedford, MA) was used 
as positive control. IL-4 was assayed using IL-4 dependent 
CT4.S cells (kindly supplied by Dr. B. Chan, Robarts 
Research Institute, London, Ont.) CT4.S cells were 
cultured with supennatant for 30 h. | 1 -thymidine 
(l^iCi/well) was added and cultured for additional 13 h. 
Incorporation of ['h] -thymidine was assayed as described 
above. IL-4 containing suplernatanr from murine rlL-4 cDNA 
transfected X63Ag8-653 myeloma cells (X63, kindly suppliced 
by Dr. B.Chan, Robarts Research Institute, London, Ont.) 
was used as positive control at 2CU/rr;l (19) . Supermatants 
were also assayed for IFN-y was used as positive control at 
40ng/ml. 

Antibody rsspons*: Mice were irrjnunized with 3D^M K3, K4 or 
K1A2 in SO^il saline emulsified in 50\xl of CP^^. in one hind 
footpad. Afier two weeks second shot of the respective 
peptide (3C^M) in IF'A was given intraperi tcneall y . Blood 
was collected at different time intervals after second shot 
and sera collected. The isotype of antibodies generated 
against K3,K4 and K1A2 were detected LISA assay using 

isotype specific Goat anti-mouse Ig antibody. 
Flow CytosMtric Analysis: A20 hybridorr.a cells were stained 
for the FACS analysis cells were incubated with or without 
various concentrations of CLIP or ovalbumin peptide for 24 
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hours at 37'c in 24 well Iplates at a concentration or 2xlC= 
ceils/well. Cells were then washed and incubated with 
MKD.6 (anti -A"*) antibodies. These cells were then washed 
and stained with flourescein isothiocynate (F17C)- 
ccnjugated goat anti-mo-jse IgGFc (Jackson Laboratories, Bar 
Harbor, KE) . For negative control, cells were stained with 
only FlTC-conjugated secondary antibody. 

Effect of incubation of TA3 cells with CLIP peptide or 
imjBvnogenic peptides and proteins 

TA3 cells, were incubated with various concentrations 
of CLIP peptide- (85-101), OVA peptide- (323-339) , HEL, or 
OVA for various lengths of times (15 min to 24 h) at 37'c. 
Cells were then stained for the surface expression of I-a" 
or I-A* and analyzed by flow cytometry (Fig. 2. A and B) . 
Surface I-a" was significantly decreased in a dose-dependent 
fashion, while the decrease in I-A* was less pronounced 
(Fig. lA) . Maximal down-regulation was observr . after 24 h 
using 100 uq/ml of peptide. Previous work has demonstrated 
that Lhe Aa^Ap** heterodimer has increased affinity for CLIP 
over Aa'AP* heterodimers (7. 14) based on competition 
assays, and this is a likely explanation for the observed 
difference in MHC class II surface down-regulation between 
phenotypes. 

Figure 2B demonstrates the effect of incubating the 
same cells used above with immunogenic Ags. The I-a"- 
restricted Ag OVA resulted in an increase in surface l-A^, 
whereas the I-A^-restricted Ag HEL did .not. Using a peptide 
fragment (323-339) of OVA also resulted in a similar 
increase in surface I-a"* (data not shown). These results 
are significant because they suggest that 1) CLIP peptide 
decreases the surface expression of class i: expansion in a 
promiscuous fashion and 2) immunogenic Ags up-regulate 
class II expression in a class II MHC-restricted fashion, 
thus confirming previous studies with TA3 cells (12). 
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gXM^lS 3 

Incubation of TA3 cells with CLIP peptide increases the 
intracellular floppy state of I-A'* complexes 

It has previously been shovm (15) that the unstable 
state of class n molecules is associated with a/p/Li 
complexes that migrate slower on SDS-PAGE than molecules in 
the stable state, which is a reflection of stable binding 
of the a/p heterodimer with peptide. It has also been 
reported that binding of CLIP peptides to MHC class II 
molecules results in the inability of a/p complexes to 
achieve the compact state (7). To determine whether 
exogenously added CLIP peptide has an effect on the 
stability of a/p hetereodimers, TA3.11 cells were cultured 
with varying amounts of the CLIP peptide {Fig. 3). a dose- 
dependent increase in the ratio of unstable state cf I-A** 
molecules (nonboiled) was observed compared with total l-A^* 
(coiled) of cell iysates, and a point of saturation occurs 
at a CLIP concentration of 200 pg/ml. 

Incubation of TAJ cells with CLIP demonstrates the 

exogenous CLIP does not bind to class II molecules on the 

cell surface 

To determine whether exogenous CLIP was binding 
directly to cell surface class II MHC or was associating 

internally, TA3 cells were incubated in the presence of 
FITC-CLIP or FITC-OVA- (323-339), as a control, for various 
time periods. Cells were subsequently analyzed by FACS 
analysis. Figure 4 (A and B) shows that the immunogenic 
peptide OVA- (323-339) bound to TA3 cell surface Ags to a 
much greater extent than CLIP, despite the promiscuity cf 
CLIP for binding to class II molecules. This demonstrates 
that immunogenic peptides are more capable than CLIP of 
binding to surface class II MHC. Further, time course 
studies show that CLIP binding appears to plateau at 3 h. 
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whereas binding of OVA peptide continues to increase with 
time over a 24-h period. 

gjtMg>l^ 5 

Immunization of Agi; with CLIP peptide Inhibits In vitro T 
cell recall response 

The inventor investigated what effect (sj CLIP may have 
in vivo by immunizing BALB/c mice and C3H/HeJ mice with 
CLIP peptide (100 mg/footpad) in CFA or I PA and, in another 
experiment, with OVA (50 pg/footpad) . Harvested popliteal 
lymph node cells were challenged in vitro with the priming 
Ag, PPD, CLIP, or OVA, and the T cell response was 
measured. Figure 4 (A and B) shows the effect of immunizing 
with CLIP peptide in concert with CFA. BALB/c mice 
ir-jnunized (Fig. 5a) with CLIP and CFA exhibited a 
significant decrease in T cell response to PPD over that of 
mice immunized with CFA alone. Similarly, in C3H/HeJ mice, 
(Fig. 5B), immunization with CFA and CLIP produced a 
decrease in the in vitro T cell proliferative response to 
PPD over that of mice immunized with CFA alone. 

To determine whether the decreased response was due 
solely to competition between CFA and CLIP peptide, BALB/c 
mice were also immunized with CAFA and an unrelated I-A^*- 
restricted synthetic peptide, K1A2 (EYKEYAAYA (EYA) a) (IC, 
11). Mice immunized with CFA/saline were used as controls. 
The T cell response was measured as described above (Fig. 
5A}, and no decrease in the PPD or KiA2 response was 
observed, suggesting chat CLIP interfered with the PPD 
while KiA2 has no such effect. 

To determine whether CLIP exerts its effects on APCs 
or T cells, cell mixing experiments were performed using T 
cells from CFA/sal ine-immunized or CLIP/CFA- immunized mice. 
The results of this experiment are shown in Figure 5C. 
When r cells from control CFA/saline-immunized mice were 
mixed with APCs from CLIP/CFA- immunized mice, the T cell 
response was reduced to a similar level as that observed 
when both APCs and T cells were derived from CLIP/CFA- 
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immunized mice. When APCs from the CFA/saline-immunized 
group were mixed with T cells from CLIP/CFA- immunized mice, 
a T cell response similar to that of the CFA/CLIP group was 
observed. We believe that this is the result of a lack of 
priming of T cells in the presence of CLIP, and this lack 
of priming subsequently yields fewer activated T ceils in 
vitro. 

To evaluate the magnitude of the down-regulatory 
effect of CLIP to PPD, dose-response studies were 
performed, PPD was used at concentrations of 100, 10, 1, 
and 0.1 ^ig/ml. Figure 5D shows that there was a 
consistently impeded recall response to PPD in the 
CFA/CLIP-immunized group compared with that in the group 
immunized with CFA alone. 

Finally, to exclude the possibility of the down- 
regulatory effect being specific to PPD, OVA was used as a 
priming Ag with CFA and CLIP. As with PPD, the OVA recall 
response was also reduced when CLIP was co-immunized with 
OVA (Fig. 4E) . 

Immunization with CLIP peptide decreases surface expression 
of class II MHC 

To determine whether the class II MHC down-regulation 
observed with CLIP in vitro could be occurring in vivo, 
BALB/c mice were immunized as described above, and the 
cells from lymph nodes were stained either for I-A** surface 
expression or for B220 (CD45) as ?. control. Figure 6 (A 
and B) shows the results of FACS analysis on B lymphocytes 
and macrophages obtained from the lymph nodes of BALB/c 
mice. I-A** surface expression was significantly reduced in 
the CLIP-immunized group compared with that in the saline 
control group (Fig. 6B) , whereas B220 expression was not 
(Fig. 6A) . Similar results were obtained in C3H/HeJ- 
derived (I-A^ lymph node cells (data not shown). These 
results suggest that the functional results obtained above 
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may be explained by the lower level of class II expression 
in CLIP-inununizeci mice. 

Zttmot of CLIP on th* c»ll surfac* Mpr^saion of MHC 

claas 11 : A20 hybridoma cells were incubated with various 
concentrations of CLIP(85-101) or ovalbumin peptide (323 - 
339) for 24 hours. Cells were stained for l-A"^ expression 
and analyzed by flow cytometry. The data presented in 
Figure 7 show that CLIP down regulated the surface 
expression of MHC class 11 on A20 cells in a dose dependent 
manner. The immunog:?n^ peptide, ovalbumin, on the other 
hand, up regulated the level of class 11 expression. These 
results suggest that addition of exogenous CLIP interferes 
with its efficient removal from the MHC molecules by H-2M 
and thus, affects the transport of MHC to the cell surface, 
where as, the immunogenic peptides bind to the MHC and thus 
up regulate class 11 expression. 
E«Mg>la 8 

iBimunisAtion with CLIP inhibits thm In Vivo rasponsa to 
iwptxdmi As the previous results suggested CLIP down 
regulates the Cell surface expression of mHC, further 
experiments were done to study its effect on the antigen 
presentation In vivo. Mice were immunized with the CLIP 
{50 ^g/footpad) along with peptide antigens K3, K4, or K1A2 
{50 ^ig/footpad) . Peptide K3 has low affinity for MHC while 
K1A2 has high affinity. K4 has an intermediate affinity 
for MHC (8'). Ovalbumin peptide (323-339) was used as a 
control in place of CLIP. Ten days later, lymph nodes were 
harvested and T-cell proliferation was assayed. Mice 
i.mmunized with the peptides along with CLIP showed a 
significant reduction in the proliferative response over 
mice immunized with peptides alone (Figure 8). However, 
the magnitude of the down regulation of the response 
depended on the affinity of the peptide for the MHC. The 
inhibition of response to the high affinity peptide K1A2 
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was to a lesser extent than K4 (intermediate affinity) and 
K3 (low affinity). This suggests that exogenously added 
CLIP competes with the peptide antigens for binding to M-iC 
and thus, inhibits the presentation of the antigens ^o T 
5 cells resulting in down regulation of the response. 

In-«ri..tion -ith CLIP .hifta th. r..po„.. toward TH2: We 

have reported earlier that high affinity peptide K1A2 
induces the generation of THl type response while low 
10 affinity peptide K3 induces TH2 type of response The 

peptide K. with intermediate affinity induces both THl and 
TH2 type of responses (8'). To analyze whether down 
regulation of antigen presentation by CLIP alters the 
differentiation of THl and TH2 cells in response to peptide 
antigens, mice were immunized with peptides in presence of 
CLIP and draining lymph nodes were harvested after ten 
days, cells were then cultured in presence of peptides 
supernatants were collected and assayed for the presence of 
IL-. and irN-y. The data presented in rigure 9 shows that 
i-rununizaticn with peptide in presence of CLIP resulted ir 
a decrease in IFN-y production by K4 and K1A2 primed cells' 
on the other hand. lL-4 production by K3 and K4 was up 
regulated and a little amount of U.-A was detected in K1A2 
Prxmed cell culture. These results suggest that 
> i.>munization with CLIP along with peptide antigens shifts 
^he response toward TH2 type. 

I-«i..tio» .iu, CLI, .hKf th. i.ot,p. « p.pu^ 
.p.ci«o „.i^.i.. ^ ^^^^ ^^^^ 

-th K3. K, or K.»2 p.p,i<,„ em„l,iei.a ,„ CPA. Two 

w« s uter „i„ ,i„„ . ,„.„^,„„ 

e^U.ned i„ ,rA. «c. .u. .f.er two w..»s of 

»eoo„d injection and «ru» „„ „p,r.ted. The seru» w.s 
then assayed for th. ptesonce of 1,=!, „c2a antibodies. 
He peptide K3 induces antibodies or „ci isotype with ve.y 
low level. Of r,C2, isotyp. antibodies. I^.nization wi 
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CLIP along with the peptide increased the levels of IgGl 
antibodies indicating an increase in the Th2 response. On 
the other hand, immunization with K4 and CLIP did not seem 
to have an effect on IgGl response but down regulated the 
lgG2a response suggesting down regulation of THl type of 
response while TH2 response is maintained. The third 
peptide, K1A2, displayed the biggest shift in antibody 
response upon addition of CLIP. The IgGl antibody response 
increased significantly when CLIP was added, where as, the 
IgG2a response was significantly down regulated suggesting 
a shift from a strong THl to a TH2 response (Figure 10). 
These results confirm the results obtained from cytokine 
studies . 
Bxanpla 11 

In«mi«ation with CLIP down r«gulat«a th« Prolif.rative 
Raaponso to OvalbuiBin Prot«ln: In order to extend the 
results observed for peptide antigens, CLIP peptide was 
also used in conjunction with protein antigen. As protein 
antigens require processing before they are able to bind to 
MHC it was of interest to determine whether there would be 
an observable difference between them and peptide antigens. 
Mice were immunized with ovalbumin protein with or without 
CLIP in boch the hind footpads. After 10 days, lymph nodes 
were harvested and a T-cell prcUfeation assay was set up. 
The results presented in Figure 11 show that addition of 
CLIP down regulated the prlilf erative response of mice to 
ovalbumin protein. Possibly, exogenously added CLIP 
interferes with the binding of peptide fragments of 
ovalbumin to MHC molecules thus, decreasing the 
presentation to T cells resulting in down regulation of 
proliferative response. 

Further, effect of immunization with CLIP on the 
generation of THl and TH2 response by ovalbumin was tested. 
The results presented in figure 6 show a higher level of 
11-4 secretion upon immunization with CLIP and a decreased 
level of IFN-Y suggesting a shift from THl to TH2 type of 
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response. These results suggest that CLIP can inhibit the 
response to both peptJle and protein antigens. 
gxanple 12 

Kff.ct of ±ncr«*.lag do.oa of CLIP on th^ aatlgon 

presentation: To find out the effect of increasing 
irmnuaization doses of CLIP on the antigen presentation in 
VIVO mice were immunized with various concentrations of 
CLIP in CFA. After 10 days, lymph nodes were removed and 
proliferation was assayed in response to recall antigen 
PPD. Our results show that CLIP down regulated the 
proliferated response in a dose dependent manner. The 
effect Of CLIP reached its maximum at a concentration of 10 
M/ml. inhibitory effect of CLIP at 100 Mg/n,l wa. not much 
rt-.fferent than at 10 fig/ml. 
gxaapla 13 

A grcup of NOL mice, an accepted animal model of 
autoimmune or Type I diabetes, are treated with an 
immunogenic composition of CLIP peptide (10 to 50 ^g/mouse, 
and incomplete Freund's adjuvant at arouno 4 to 8 weeks of 
age, one treatment per week for 4 weeks. 

A control group of NOD mice are treated with adjuvant 
alone. Development of diabetes is followed by test^rg for 
urine glucose a.nd. when urine glucose is detected by 
determining blood glucose. Urine and blood gl-^c=se are 
^5 measured by conventional methods. 

Iir^munization with CLIP peptide prevents or delays -he 
development of diabetes in the test group of NOD m^ ce 
compared to the control group. 
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SEQUENCE LISTING 



{!) GENERAL INF0RMAT::.N : 

lij APPLICANT: 

:A) NAME: THE UNIVERSITY OF WESTERN ONTARIO 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP): N6A 5B9 

(ii) TITLE OF INVENTION: CLIP IMMUNOMODULATORY PEPTIDE 
(iii) NUMBER OF SEQUENCES: 4 

:iv) CORRESPONDENCE ADDRESS: 
Patricia A. Rae (Dr.) 
Sim & McBurney 

330 University Avenue, Floor 
Toronto Canada MSG 1R7 

(v) COMPUTER READABLE FORM: 

(A) COMPUTER: IBM PC compatible 

(B) OPERATING SYSTEM: PC-DOS/MS-DOS 

(C) SOFTWARE: Patentin Release »l.O. Version #1.25 (BPO) 

;vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 2.205,680 

(B) FILING DATE: 16-MAY-1997 

(C) CLASSIFICATION: 

ivii) PRIOR APPLICATION DATA 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
CO CLASSIFICATION: 

(viiiJ PATENT AGENT INFORMATION 

(A) NAME: Patricia A. Rae (Dr ) 

(B) REFERENCE NUMBER: S310-12/PAR 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CI-ARACTERISTICS : 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

CO STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: peptide 

Uit SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Ly3 Pro Val Ser Gla Met Arg Met Met Ala Thr Pro Leu Leu Met Arg 
^ 10 



15 



Pro Met 
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(2) INFORMATION FOR SEQ ID N0;2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEKGTH; 24 amino acids 
(3) TYPE: amino acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

Cli) MOLECULE TYPE: peptide 

;xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Leu Pro Lys Pro Pro Lys Pro Val Ser Lys Met Arg Met Ala Thr Pro 
is 10 15 

Leu Leu Met Gin Ala Leu Pro Met 
20 

{2* INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(AJ LENGTH: 16 amino acids 
fB) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

^ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Glu Lys Tyr Lys Glu Tyr Ala Ala Tyr Ala Glu Tyr Ala Glu Tyr Ala 
S 10 il 



(2) INFORMATION FOR SEQ ID N0;4: 

;i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 
fB) TYPE: amino acid 
:C> STRANDEDNESS: single 
;D) TX5POLOGY: linear 

(ii) MOLECULE TYPE: peptide 

<Xi> SEQUENCE DESCRIPTION: SEQ ID N0:4: 

He Ser Gin Ala Val His Ala Ala His Ala Glu He Asn Glu Ala Gly 



Arg 
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THE EK30D:KEOTS OF THE INVEOTICN IN WHICH AN EXCLUSU'E PROPERTY 
CR P.=^TV::.K(;.". is CIATKED are CEflNEP AS FOLLOWS: 

A method of treating or preventing an immune disorder 
comprising administering to a manir^l in need of trcatnenr or 
susceptible to said disorder a therapeutically or 
prophylactically effective anour.t of an KHC class 1 1 -associated 
-r.variant chain protein or an active fragment or analog-^e 
thereof. 

2. The method of claim : wherein the MHC class Il-associa-.ed 
invariant uhain protein or effective fragment or analogue 
thereof is the peptide of Sequence ID N0:1 or Sequence ID NO: 2 
or an active fragment or analogue thereof. 

3. The method of claim 1 wherein the MHC class XT-associated 
invariant chain protein or active fragment or analogue thereof 
is the peptide of Sequence ID NOrl or Sequence :d K0:2. 

4. The methcd of claim 2 wherein the peptide is adm.inistered 

as a peptide soluricn. 

5. The method of claim 2 wherein the peptide is administered 
as an irrjnunogeric composition. 

e. "he method of claim 2 wherein the mait^^l is a hu.T.an. 

The rrethoc of claim 6 wherein tne disorder is an 
autcir-jTune disorder. 



8. T.he .Tethod of claim 7 wherein the autoimr.une disorder is 
selected from the group consisting of autoi.-^nune diabetes, 
arthritis, multiple sclerosis and systemic lupus erythematosus. 

9. The method of claim 6 wherein the disorder is 
transplantation lejecLion. 
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10. 



on .nr.i,e. p.e.ser.t.n. cells in a ..^..^.^^ 
ad..,asterxng .o the .a.^al an MHC class ir nolecule solace 
e.press.on reducing effective amount of an MHC class li- 
assoc.ated invariant chain protein or an effective fragmert or 
analogue tnereof. "-jmer.^ or 



11 



2C 



25 



30 



The method of claim 10 wherein the MHC class ir-as, • . . 
invariant chain protein cr effective fra^.t or an o;:™ 
thereof .s the peptide of Sequence ID N0:1 or Sequence a .0-2 
or an effective fragment or analogue thereof. 

I^- A method Of increasing the level ot THV cei:. .n a 

comprising administering -o the m.r™ , 

'•■i-'-y -o cne mammal an cffort-ixro =„„ 
MHC class I--associAr«H er.cctive amount of an 

1- associated invariant chain pro-en or «ff . 
fragment or analogue thereof as an im™ effective 

«.ereor as an immunogenic composition. 

13. The method of claim 12 wherein th^ MHC r-]as, r- 
invariant chain protein • ^--associated 

-h.r ^ ■ effective fragment or analogue 

-hereof is the peptide of Segue.nce 10 NO:l or Secuence ID KO 2 
- - '^ff-^tive fragment or analogue thereof. ' 

14. A method Of decreasing the level of THl cel. in . 
comprising administering to f.e na;»r.- ' ""^"""^ 

MHC Class Il-a^sociated effective amount of an 

a. sociated invariant chain protein or ^rr 
fragment or analogue thereof effective 
g e thereof a., an -mmunogenic composition. 

a-ount of an MHC class 11 al • effective 

- effective frag^ . J r"'^' '"^"^^^'^ P"'e- cr 

composition. ^^''^^"'^ " ^ ."...nogenic 

15. A method of reducing or orcvcntino a T r., , 

antigen in a marrr^i " ""^ ^ '^^^ response to 

wen 1.1 a marrmai comprising administer- no i-^ -w, 
effective amount of an khc -ass " ^"'''^ '° 
protein or an effecfve f "located i.nv..-i.nt chain 

n effect., e fragment cr a.nalogue thereof as 
-mmunoqenic composition. "e.eor as an 
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17 



A method of reducing or preventing ar.tiger. presenter. icn by 
dnticer. presenting cello in a mamal corr.prising administering zo 
the mamnial an effective amount of an MHC class 11 -associated 
invariant chai:, protein or an effective fragn-.ent or analogue 
thereof as an inmjnogen:c coiiposition. 



18. A .-nethod of trea-.ir.q or preventing, in a mairinal, a 
disorder associated with a T cell response to an antigen 
comprising administering to the man«nal an effective a«,ount of a-» 
MHC class Il-associated invariant chain protein or ar. effective 
fxaqmenr cr analogue thereof as an i.:,munoye:.ic compositior: . 

19. A pharmaceuUcal composition comprising an active 
incred-ent selected from rhe group consisting of : 

:a) an isolated nucleic acid seque.nce encoding an y.HC 

class 1 1 -associated invariant chain proteins- 
lb) an isolated nucleic acid sequence encoding the 

peptide of Sequence ID NO: I or 2; 

(c) a substantially pure MKC class :i-associated 
invariant chair, protein; 

(d) a substantially pure peptide of Sequence ID NO: 1 or 

2 ; and 

(e) an active fragment or analogue of any of :a) to ,d) 
and a pharmaceuticaliy acceptable carrier. 

20. The compositior. of claim 19 wherein the carrier is .m 
adjuvant . 



21. The composition ot claim 19 formulated as an immunogenic 
cor?.position. 
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Hous* CLIP KPVSQMRMATPLLMRPM 



Human CLIP LPKPPKPVSKMRMATPLLMQALPM 



S«quMc« hoaology b«tWMa nous* and huaan CLIP: 

85 101 
KPVSQMRMATPLLMRPM 
81 INI I I I I I I I I I 104 

LPKPPKPVSKMRMATPLLMQALPM 
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FIGURE 3 
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FIGURE 4 
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FIGL'RE 7 



mmunization with CLIP Downregulates the 
Proliferative Response to Peptide Antigens 
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FIGURE 8 



Effect of Immunization witli CLIP on the 
Generation of THl and TH2 CelJs 
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FIGURE 9 



K3 Antibody Responsa 



K1A2 Antibody Response 
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FIGURE 10 
Immunization with whole ovalbumin and CLIP 
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FIGURE 11 



Effect of CLIP on the Generation of TH1/rH2 Cells 
in Response to Ovalbumin 
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